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ISOLATION PLATFORM 



Field of the Invention 



The present invention relates, generally, to isolation platforms for use in 
supporting various structures, and, more particularly, to platfornr^ which isolate the 
structures they are supporting from ambient vibrations, generally external to the 
platform. 



Isolation bearings of the type used with bridges, buildings, machines, and other 
structures potentially subject to seismic phenomena are typically configured to support 
a bearing load, i.e., the weight of the structure being supported. In this regard, it is 
desirable that a particular seismic isolation bearing be configured to support a 
prescribed maximum vertical gravity loading at every lateral displacement position. 

The conservative character of a seismic isolation bearing may be described in 
terms of the bearing's ability to restore displacement caused by seismic activity or 
other external applied forces. In this regard, a rubber bearing body, leaf spring, coil 
spring, or the like may be employed to urge the bearing back to Its original, nominal 
position following a lateral displacement caused by an externally applied force. In this 
context, the bearing "conserves" lateral vector forces by storing a substantial portion of 
the applied energy in its spring, aibber volume, or the like, and releases this applied 
energy upon cessation of the externally applied force to pull or othenwise urge the 
bearing back to its nominal design position. 

Known isolation bearings include a laminated rubber bearing body, reinforced 
with steel plates. More particulariy, thin steel plates are interposed between relatively 
thick rubber plates, to produce an alternating steel/rubber laminated bearing body. The 
use of a thin steel plate between each rubber plate in the stack helps prevent the 
rubber from bulging outwardly at its perimeter in response to applied vertical bearing 
stresses. This arrangement permits the bearing body to support vertical forces much 
greater than would otherwise be supportable by an equal volume of rubber without the 
use of steel plates. 

Steel coil springs combined with snubbers (i.e., shock absorbers) are often used 
in the context of machines to vertically support the weight of the machine. Coil springs 
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are generally preferable to steel/rubber laminates In applications where the structure to 
be supported (e.g., machine) may undergo an upward vertical force, which might 
otherwise tend to separate the steel/rubber laminate. 

Rubber bearings are typically constructed of high damping rubber, or are 
otherwise supplemented with lead or steel yielders useful in dissipating applied energy. 
Presently known metallic yielders, however, are disadvantageous in that they inhibit or 
even prevent effective vertical isolation, particularly in assemblies wherein the metallic 
yielder is connected to both the upper bearing plate and the oppositely disposed lower 
bearing plate within which the rubber bearing body is sandwiched. 

Presentiy known seismic Isolation bearings are further disadvantageous 
inasmuch as it is difficult to separate the viscous and hysteretic damping 
characteristics of a high damping rubber bearing; a seismic isolation bearing is thus 
needed which effectively decouples the viscous and hysteretic functions of the bearing. 

Steel spring mounts of the type typically used in conjunction with machines are 
unable to provide energy dissipation, with the effect that such steel spring mounts 
generally result in wide bearing movements. Such wide bearing movements may be 
compensated for through the use of snubbers or shock absorbers. However, In use, 
the snubber may impart to a machine an acceleration on the order of or even greater 
than the acceleration applied to the machine due to seismicity. 

For very high vertical loads, sliding type seismic isolators are often employed. 
However, it is difficult to control or maintain the friction coefficient associated with such 
isolators; furthermore, such isolators typically do not provide vertical isolation, and are 
pooriy suited for use in applications wherein an uplift capacity is desired. 

One example of an isolation bearing is one used to attempt to reduce the effects 
of noise by using a rolling bearing between rigid plates. For example, one such device 
includes a bearing comprising a lower plate having a conical shaped cavity and an 
upper plate having a similar cavity with a rigid ball-shaped bearing placed 
therebetween. The lower plate presumably rests on the ground or base surface to 
which the stmcture to be supported would normally rest, while that structure rests on 
the top surface of the upper plate. Thus, when external vibrations occur, the lower 
plate is intended to move relative to the upper plate via the rolling of tiie ball-shaped 
bearing witiiin/between the upper and lower plates. The structure supported Is thus 
isolated from the extemal vibrations. 

However, such devices are not witiiout tiia'r own drawbacks. For example, 
depending on tiieir size, they may have a limited range of mobility. That is, the amount 
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of displacement between the upper and lower plates may be limited based on the size 
of the bearing. Additionally, the bearing structures nray be unstable by themselves. 
For example, when a large structure is placed on a relatively small bearing, it may 
become more likely that the structure could tip and/or fall over. Obviously, with very 
large, heavy structures, such failure could be catastrophic. 

Similar to instability, the amount of load that any particular bearing structure can 
withstand can be limited by its size. Likewise, also related to the instability of the 
bearing, should the weight of the structure being supported be unevenly distributed, 
one section of either of the upper or lower plates may tend to bend or deflect more 
than another and the entire bearing structure could come apart. 

Further still, often, when such large structures such as servers, electron 
microscopes, or other sensitive equipment are to be Installed, the buildings and areas 
into which they are going to be installed are not easily configured to accommodate 
bearings such as those described above. 

Thus, there is a long felt need for vibration isolation structures which can 
withstand more load, which are more stable O.e., having less tendency to come apart) 
and are more easily integrated into the areas into which the structures for which they 
are intended are to be installed. 

Summary of the Invention 

The present invention provides a platform for supporting various equipment 
and/or structure which assists in isolating such structure from vibrations ("noise") 
external to the platform. Generally, In accordance with various embodiments of the 
present invention, the platform comprises upper and lower plates, having conical 
depressions, upon which the upper plate supports the above-mentioned stmcture, and 
the lower plate contacting surface/area upon which the supported structure othenA/ise 
would have rested. Between the upper and lower plates, a plurality of rigid, spherical 
bearings are placed within the conical depressions, thereby allowing the upper and 
lower plates to displace relative to one another. 

Thus, as lateral forces {e.g.. in the form of vibrations) are applied to the 
platfonn, the upper plate is displaced laterally with respect to the lower plate, such that 
the balls therebetween roll about their respective depressions and the balls are raised 
to a higher elevations. As such, the gravitational forces acting on the structure 
produce a lateral force component tending to restore the entire platform to its original 
position. Thus, in accordance with the present invention, substantially constant 
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restoring and damping forces are achieved. 

In accordance with additional aspects of the present invention, stability of the 
platfomri is increased through the size of its "footprint" (its width versus its height) 
and/or various retaining mechanisms. For example, distances between the apices of 
the first open pan stnjcture are preferably less than a ratio of 1 .25 in relation to the 
height, width and/or depth of the payload. Additionally, preferably, half of the weight of 
the payload is in the upper portion half of the payload. 

For example, various straps between the upper and lower plates may be 
attached, there by allowing lateral displacement between the plates, but preventing 
unwanted separation of the plates. Additionally, in accordance with various 
embodiments of the present Invention, the retaining mechanism (such as, for example, 
retaining straps) may additional damping effects. In accordance with further aspects of 
the present invention, various mechanisms may provide stability and damping effects, 
as well as contamination prevention, such as a mbber, foam, or other sealant (gasket) 
about the perimeter of the plates. 

Likewise, in a prefen-ed embodiment, an isolation platform for supporting a 
payload in accordance with the present Invention comprises a first open pan structure 
having four plates with downward facing bearing surfaces, wherein the first open pan 
structure has a plurality of rigid members connected to the plates to form a 
quadrilateral. The first open pan structure has openings between each plate and each 
bearing surface comprising a recess with a central apex and a conical surface 
extending from the apex continuously to a perimeter of the recess, wherein distances 
between the apices of the recesses are at least equal to distances antipodal points of a 
footprint of the payload. A second open pan structure substantially identical to said 
first open pan structure is also provided and wherein said first and second open pan 
structures are positioned such that the bearing surfaces of the first and second open 
pan structures define four cavities therebetween, each cavity containing at least one 
rigid ball each, and wherein the first and second open pan structures are movably 
fastened together with straps that simultaneously limit displacement of the first open 
pan structure relative to the second open pan structure in a vertical plane and reduce 
displacement in a horizontal plane of the first open pan structure relative to the second 
open pan structure. 

Further still, in accordance with various embodiments of the present invention, 
the first open pan structure moves in the horizontal plane without moving relative to the 
second open pan structure in the vertical plane by a factor pre-selected factor relating 
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to the maximum possible horizontal displacement relative to the second pan. Similarly, 
the first open pan structure may be configured to move in the horizontal plane when 
the second open pan structure is moving at a rate of up to a pre-selected forces 
without the first open pan structure moving more than a pre-selected distance in the 
horizontal plane and relative to the second open pan structure. 

Brief Description of the Drawing Figures 

Additional aspects of the present invention will become evident upon revievwng 
the non-limiting embodiments described in the specification and the claims tai<en In 
conjunction with the accompanying figures, wherein lil<e numerals designate like 
elements, and: 

Figure 1 is a cross-sectional view of an exemplary embodiment of an isolation 
platform in accordance with the present invention; 

Figure 2 is a top view of a lower plate in accordance with the embodiment of 
Figure 1 ; 

Figure 3 is a perspective view of a load plate in accordance with an alternative 
embodiment of the present invention; 

Figure 4 is a top view of a load plate in accordance with an alternative 
embodi ment of the present invention; 

Figure 5 is a perspective view of a strap configuration in accordance with an 
exemplary embodinnent of the present invention; 

Figure 6 is a perspective view of a "ball cage" configuration in accordance with 
an exemplary embodiment of the present invention; 

Figure 7 is a side view of an equipment restrainer in accordance with an 
exemplary embodiment of the present invention; 

Figure 8 is a side view of an exemplary embodinnent of the present invention 
having a telescoping damper assembly; and 

Figure 9 is a side view of an exemplary embodiment of the present invention 
having an "out-rigger" damper assembly. 

Detailed Description of Exemplary Embodiments 

In accordance various exemplary embodiments of the present invention, an 
isolation platform 10 is provided to filter vibrations and reduce noise In devices 
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supported by platform 10. Preliminarily, it should be appreciated by one skilled in the 
art. that the following description is of exemplary embodiments only and is not intended 
to limit the scope, applicability, or configuration of the invention in any way. Rather, 
the following description merely provides convenient illustrations for implementing 
various embodiments of the invention. For example, various changes may be made in 
the design and arrangement of the elements described in the exemplary embodiments 
herein without departing from the scope of the invention as set forth In the appended 
claims. 

That being said, generally, platform 10 comprises a lower plate 20 which is 
mounted to the foundation upon which the structure is intended to be supported. A 
second, oppositely disposed (upper) plate 30 is disposed above lower plate 20, and, 
optionally secured to the structure to be supported. In accordance vwth various 
embodiments, each of plates 20, 30 comprise a plurality of conresponding concave, 
generally conical suriaces (recessed surfaces) 15 which create a plurality of conical 
cavities 40 therebetween. Generally speaking, it should be appreciated that any 
suitable combination of radial or linear surfaces may be employed in the context of 
recesses 15 in accordance with the present invention. Additionally, platform 10 further 
comprises ball bearings 50, generally spherical steel ball bearings, disposed between 
plates 20, 30 in conical cavities 40. 

More particulariy, upper plate 30 supports the structure and has a plurality of 
downward-facing, conical, rigid bearing surfaces. Lower plate 20 is secured to a 
foundation (e.g., mechanically or by gravity and weight of platfonn 10 itself) for 
supporting the structure to be supported, and has a plurality of upward-facing, conical, 
rigid bearing surfaces disposed opposite downward-facing, conical, rigid bearing 
surfaces. Thus, the downward and upward bearing surfaces define a plurality of 
bearing cavities between said upper and lower plates, within which a plurality of rigid 
spherical balls are interposed between said downward and upward bearing surfaces. 

With further particularity in the presentiy described exemplary embodiment, the 
downward and upward bearing surfaces comprising central apices having the same 
curvature as that of the rigid spherical balls such that a restoring force is substantially 
constant. Additionally, the surfaces have recess perimeters have the same curvature 
as that of the spherical balls and connect the central apices and recess perimeters with 
continuous slope. Thus, the curvature of the spherical balls and the downward and 
upward bearing surfaces are configured such that as the spherical balls and upper and 
lower plates displace laterally relative to one another, vertical displacement of upper 
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and lower plates Is near zero. 

Thus, generally, when an external vibration such as a seismic dislocation or 
other ambient vibration exerts a lateral force on platform 10, plates 20, 30 move 
relative to each other, and balls 50 advantageously travel from an apex 25a, b of each 
plate 20, 30 toward the edge of cavities 40. When plates 20, 30 are laterally shifted 
with respect to one another from their nominal position, the weight of the stmcture 
supported by platfonm 10 exerts a downward force on upper plate 30; this bearing 
force is transfen-ed through balls 50 to lower plate 20. Because of the inclined angle of 
recessed surfaces 15, a component of the vertical gravitational force exerted by the 
structure manifests as a lateral (e.g., horizontal) restoring force tending to urge plates 
20. 30 back to their nominal position. 

That being said, referring now to the exemplary embodiment illustrated in 
Figures 1 and 2, platform 10 suitably comprises upper plate 30 and lower plate 20 
each comprising four recessed surfaces 1 5, characterized by an apex 25. Respective 
balls 50 are disposed In the intercavity region created by recessed surfaces 15. in 
their nominal position, balls 50 are suitably centered within their respective recesses 
15, such that each ball 50 are disposed within its respective apices. In accordance 
with a further aspect of the present invention, the respective recesses 15 described 
herein may be suitably made from any high-strength steel or other material exhibiting 
high-yield strength. In addition, the various surfaces may be coated with Teflon or 
other protective layers to extend the life of platform 10, decrease friction between 
surface 1 5 and ball 50 and the like. 

One advantage of a multiple cavity embodiment such as that described above, 
is that the capacity of platform 10 increases as the multiple of the number of recesses 
15 increases. For example, a dual recess configuration is suitably twice as strong as a 
single recess configuration, whereas a four recess embodiment (such as shown in 
Figures 1 and 2) is suitably four times as strong In its capacity as a single ball 
configuration for equal materials and dimensions. Thus, though generally described 
herein with four recesses, platfomns 10. in accordance with the present invention, may 
have any number and size of recesses used in any particular application to be 
configured to accommodate the desired bearing capacity of the load to be supported. 

Referring particulariy to Figure 1 , a gasket 60 may be suitably placed around a 
perimeter of plates 20, 30. Gasket 60 suitably comprises any material capable of 
elastically deforming as plates 20, 30 displace from one another, such as rubber or like 
material. In accordance with a preferred embodiment of the present invention, gasket 
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60 is adhered (e.g., glued) to one or both of plates 20, 30, preferably at the outer 
perimeter of plates 20, 30. Such gaskets 60 thus advantageously Inhibit water, dust 
and debris, from entering the area between plates 20, 30. Additionally, in accordance 
with various aspects of the present invention, gasket 60 may provide additional 
damping effects. 

Now, in accordance with alternative exemplary embodiments of the present 
invention, platform 10 is configured in a manner which allows its dimensions to be 
adjustable and/or more lightweight. Referring particulariy to Figure 3, in accordance 
with another embodiment of the present Invention, economical construction of plates 
20. 30 may be achieved by affixing together a plurality of substantially flat, planar plate 
segments 70 with a series of connecting members 80. Plate segments 70 are suitably 
configured with recesses 15 such as those described above to provide bearing 50 
contact and operation of platform 1 0 as described above when two plates are disposed 
on another. 

In accordance with the exemplary embodiment shown In Rgures 3 and 4, 
connecting members 80 are attached to segments 70 in any manner suitably strong 
enough to withstand the vibrations platfomn 1 0 experiences as well as the weight 
placed on platform 10. Similariy, the materials of segments 70 and members 80 
should be strong enough to with stand the same. In the present exemplary 
embodiment, segments 70 are comprised of stainless steel and members 80 are 
comprised of A36 mild steel, though any nnaterials exhibiting the aforementioned 
properties may be substituted. 

Preferably, segments 70 and members 80 are attached via nut and bolt type 
fasteners, though alternative means of affixing them may include welding, brazing or 
the like. Advantages associated with bolting segments 70 and members 80 include 
the ability to disassemble plates 20, 30 and the ability to adjust the size of plates 20, 
30 depending on where platform 10 is to be Installed. 

Optionally, in accordance with exemplary embodiments such as those shown In 
Figure 3, the interstitial regions 90 created between respective segments 70 may be 
filled with a filler material, such as plastic, fabric, metal or the like (not shown), or 
alternatively, may be left open. In the alternative however, by leaving regions 90 open, 
access to the structure supported may be maintained for, inter alia, wires, cables, 
access panels and the like. 

Now, in accordance with various aspects of the above described embodiments 
of the present invention, when installed, upper plate 30 is preferably suitably anchored 
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to the structure to be supported. Similarly, lower plate 20 is suitably mounted to a 
foundation upon which it rests. Likewise with upper plate 30, any number of means 
may be used to anchor lower plate 20, and likewise, the weight of platform 10 and/or 
structure may anchor lower plate 20. For example, in accordance with various 
embodiments of the present invention, lower plate 20 is placed in a recess in a tool 
room floor, thereby preventing lateral movement of the plate. In such a manner, the 
necessity of anchoring means such as bolts is eliminated. 

With reference now to Rgures 5-9, In accordance with various embodiments of 
the present invention, various mechanisms for retaining plates 20, 30 together may be 
provided. Retaining mechanisms 100 suitably prevent platform 10 from separating into 
its various components and/or provide additional damping effects. 

For example vwth particular reference to Figure 5, straps (in this case, nylon 
straps) 201 and 202 in the fomn of a tie down assembly 200 are engaged at contact 
point 203 during the displacement of the platform 10 (not shown for clarity). Strap 201 
is attached at both ends (one end attachment is shown) to the upper portion of said 
platform, developing horizontal 206 and vertical 207 forces. Similariy, strap 202 is 
attached at both ends (one end attachment is shown) to the lower portion of said 
platform, developing horizontal 208 and vertical 209 forces. These forces thus suitably 
counterbalance seismic uplift and overturning forces of platform 1 0. Tie down 
assembly 200 is strategically located between bearings 50 of platform 10, which are 
preferably located at the far most comers of said platform. Thus assembly 200 is 
preferably ted between the sides of said platform about midway from comers. 
Assembly 200 allows for large x and y movement of said straps, without drop in the 
contact force, which pushes them together at point 203. 

The contact force multiplied by the friction coefficient of straps 201 , 202 give a 
lateral damping force, which attenuates the seismic motion of said platform. Said 
contact force is always parallel to forces 207, 209, while said damping force Is with 
forces 206, 208, that is orthogonals. 

In accordance with another embodiment of the present invention and with 
reference to Figure 6, ball bearings 301 are retained laterally (relative to other balls) by 
a sleeve 302 (other balls are not shown for purposes of clarity). Connecting bars 303, 
304 are suitably connected to sleeve 302. Bar 303 goes in direction 305, which is 
parallel to platfomn's 10 direction in the y-plane, thus allowing for "north/south" lateral 
bearing movements of platfonm 10. Bar 304 goes in direction 306, which Is parallel to 
platform's 10 direction in the x-plane, thus allowing for "east/west" bearing movements 
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of platform 10. Moreover, during such lateral movement of said platform, cage 300 
may rotate, thus direction y may not coincide with direction 305 and direction x may not 
coincide with direction 306. However, the angle between directions 305, 306 remains 
the same, for example, 90° as well as between x and y. Cage 300 thus ensures that 
the stationary position 307 of any ball caged by cage 300 remains the same relative to 
any other ball in the same cage, but not to the ground and to the payload imposed on 
said platform. Moreover, as the load comes from direction z, that is vertically to ball 
301 , cage 300 ensures that when one or more of the load on any balls caged by cage 
300 Is missing (e.g., due to uplift), the unloaded balls will not roll out of alignment 
during seismic movement of said platform. 

In accordance now with still another embodiment of the present Invention, and 
with reference to Figure 7, a floor 401 supports an access floor 402, which In turn 
supports platform 403. As described above, equipment 404 rests on platform 403 and 
is suitably restrained with cable ties 405 to an upper support 406, such as, for example 
a ceiling. Thus, during seismic floor motion, equipment 404 can displace to position 
407, whereupon ties 405 (restrainers) became taught 408, preventing overtuming of 
equlpment404. 

In accordance with yet another embodiment of the present invention and with 
reference to Figure 8, a lower frame 501 rests on isolation bearings {not shown for 
clarity) on an upper frame 502. Frames 501 , 502 combined with bearings (not shown 
for clarity) thus fomri platfonm 10. Telescopic dampers 503. 604, 505 and 506 connect 
frames 501, 602 at their respective comers. In various embodiments, dampers 503, 
504, 505, 506 may be air, hydraulic or friction type dampers generally having small 
force and long strokes and are strategically located between the ball bearings of said 
platform. In the illustrat4ed embodiment, dampers 503 and 505 damp In an x- 
dlrection, while dampers 504, 506 damp in a y-direction. Thus, In combination 
dampers 503, 504, 505, 506 provide torsional damping to platform 10. 

In accordance with another embodiment of the present invention and with 
reference to Figure 9. an "outrigger" damper assembly 600 is provided. In this 
embodiment, a smooth floor 601 , upon which platform may slide is provided to support 
platform base 602 with its ball bearings. A platform top 603 rides on the ball bearings 
and receives an equipment leg 604, which in turn supports equipment 605. An 
outrigger plate 606 Is suitably hinged to one of platfomn top 603 or to leg 604 and 
suitably rides over floor 601 . In accordance with various aspects of this embodiment, 
to assist in controlled fliction forces for added damping, a plate 608 is hinged to 
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outrigger plate 606. Plate 608 is pushed down by a spring force, for example, by a leaf 
spring 609. In this embodiment, the surface of plate 608 is lined to optimize friction 
force between outrigger 606 and floor 601 during seismic movement of the assembly. 
Of course, in various embodiments, the weight of equipment alone may be sufficient to 
provide for friction control, In which case, spring assistance is not needed. Thus, 
outrigger plate 606 assists in providing stability to equipment 605. 



11 



